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(54) SIZE MEASURING APPARATUS WITH ELECTRON BEAM 

(57)Abstract: 

PURPOSE: To enhance the intensity of signals of 
reflecting electrons, secondary electrons, X rays or 
the like from a sample thereby to measure the length 
with high accuracy by inclining a sample stage on 
which the sample is mounted to an axis of incidence 
of converged electron beams so as to scan the 
inclined sample in a rectangular configuration. 
CONSTITUTION: A sample stage 5 having a sample 
6 mounted thereon is inclined to an axis of incidence 
of converged electron beams 4 of the apparatus. 
Since the sample 6 is inclined, supposing that the 
inclining angle of the sample 6 is 0, the amount of 
signals is increased by the ratio of 1/cos8, so that the 
visibility of a pattern image is effectively enhanced. 

The obtained pattern image is an inclined image having greater contrast. The pattern width 
16 of a pattern mounted in the X and Y directions such as a semiconductor cannot be 
correctly measured in this state. Therefore, the sample pattern is rotated 90° or 270° by 
the use of a stage rotating mechanism 17. Accordingly, the intensity of signals of reflecting 
electrons, secondary electrons, X rays or the like from the sample 6 can be increased, 
thereby making it possible to measure the length with high accuracy. 
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DESCRIPTION 

1. TITLE OF THE INVENTION 

ELECTRON BEAM SIZE MEASUREMENT APPARATUS 

2. CLAIMS 

1. An electron beam size measurement apparatus, 
comprising : 

an electron beam optical system that comprises 
an electron beam source, 

a lens that focuses the electron beam, and 
deflection means that deflects the focused 
electron beam; 

a specimen stage on which a specimen is mounted; 

scanning signal generating means that irradiates the 
electron beam to a pattern on the specimen while two- 
dimensionally scanning the electron beam; and 

means that detects a signal generated from the 
pattern, whereby in the electron beam size measurement 
apparatus that determines a pattern edge from the two- 
dimensional signal image and measures the pattern size, 
wherein 

the specimen stage is inclined with respect to an 
incident electron beam so that intensity of a reflection 
electron beam is increased, and 

the specimen stage is arranged rotatable so that a 
desired pattern on the specimen can be measured. 



2. The electron beam size measurement apparatus o 
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Claim 1 wherein 

the scanning signal generating means that gives a 

scanning signal to the deflection means generates a 

scanning signal that is expressed by 
( x y cos 9 x 

v v ' v ' 

1 + ^-sinG 1 + — sinG 
D D 

assuming that a coordinate on the inclined specimen is (x, 
y) , an inclination angle of the specimen is 0 and a 
deflection working distance is D, and makes the scanning 
be performed in a rectangular shape on the inclined 
specimen . 

3. DETAILED DESCRIPTION OF THE INVENTION 

[FIELD OF INDUSTRIAL APPLICATION] 

The present invention relates to electron beam size 
measurement apparatuses that measures a line width and 
the like of a fine pattern formed on a semiconductor 
wafer, and in particular, relates to the higher accuracy 
of the measurement. 
[CONVENTIONAL ART] 

FIG. 2(a) shows a model of a conventional electron 
beam size measurement apparatus that is disclosed in, for 
example, Japanese Published Examined Patent Application 
No. 58-024726 and the like, and in the drawing, the 
reference number *1' shows an electron beam source, y 2' 
shows an electron beam focusing lens, '3' shows a 
deflection coil or electrode, and M' shows an electron 
beam. Further, the reference number. x 5' shows a specimen 
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stage, x 6' shows a specimen mounted on specimen stage 5, 
y l' shows signals of a reflection electron, a secondary 
electron, an X ray and the like that are generated by 
electron beam 4, '8' shows a detector of signals 7, and 
'9' shows an amplifier of the signals detected by 
detector 8. The reference number '10' shows a scanning 
signal generator used to deflect electron beam 4 with 
deflector 3 and scan the electron beam on specimen 6. 

Next, with reference to FIGS. 2(b) to (d) , an 
operation principle of the conventional art will be 
described. FIG. 2(b) shows a sectional view of a state 
where electron beam 4 is incident on specimen 6. In order 
to measure a line width of a pattern 11 formed on 
specimen 6, electron beam 4 is scanned in a direction 
shown by the reference number '12' . In the case a signal 
generated at this point of time is displayed being 
related to a scanning signal, a waveform as shown in FIG. 
2(c) is obtained. By performing edge detection processing 
such as threshold value processing and maximum 
inclination processing with respect to the waveform 
signal (c) , pattern edges are defined and a line width is 
determined. In the case this scanning 12 is two- 
dimensionally performed on the pattern and signal 7 is 
displayed two-dimensionally , a pattern image 15 can be 
seen within a scanning area 13 as if the pattern is 
viewed from a beam incident direction, as is shown in FIG. 
2(d). By performing the similar edge detection processing 
based on the two-dimensional pattern signal image, a line 
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width 14 is determined. The reason why the scanning of 
electron beam 4 is performed not one-dimensionally but 
two-dimensionally is that in the case there is unevenness 
at the edges of the pattern due to process, the result of 
5 averaging the uneven edges can be obtained and 

repeatability accuracy of the measurement improves. The 
two-dimensional scanning signal is to be generated by 
scanning signal generator 10 in FIG. 2(a), and the 
scanning area is the rectangular-shaped area 13 shown in 

10 FIG. 2 (d) . . 

[ PROBLEMS TO BE SOLVED BY THE INVENTION] 

In a conventional apparatus, specimen stage 5 is 
located perpendicular to an incident direction of 
electron beam 4, and therefore the conventional apparatus 

15 has the advantage that an image as shown in FIG. 2(d) can 
be obtained and pattern 11 to be measured shown in FIG. 
2 (b) can correctly be measured since the pattern to be 
measured is viewed from a direction of beam 4. However, 
in recent years, a measurement width has become narrower 

20 according to a pattern formed on a semiconductor wafer 
having been finer, and therefore, high measurement 
accuracy has been required. Further, besides a narrower 
pattern width, a pattern film thickness also tends to be 
thinner and signal intensity also becomes lower, which is 

25 deteriorating the measurement accuracy. Therefore, much 
higher signal intensity is required and the measurement 
with the conventional apparatus becomes difficult. 

The present invention has been made in order to 
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solve the problems described above, and has as its object 
to obtain an electron beam size measurement apparatus 
that can increase signal intensity of a reflection 
electron, a secondary electron, an X ray and the like 
5 from a specimen, and perform measurement with high 
precision . 

Further, the present invention has as its object to 
obtain an electron beam size measurement apparatus that 
can perform measurement with higher precision by 

10 irradiating an electron beam correctly in a rectangular 
shape on an inclined specimen. 
[MEANS FOR SOLVING PROBLEMS] 

According to a first invention, there is provided an 
electron beam size measurement apparatus that inclines a 

15 specimen stage on which a specimen is mounted with 

respect to an incident axis of a focused electron beam, 
increases signal emission efficiency of a reflection 
electron, a secondary electron, an X ray and the like, 
increases signal intensity of a specimen image, and 

20 performs measurement. 

Further, according to a second invention, there is 
provided an electron beam size measurement apparatus that 
generates a deflection signal for correcting a shape of a 
rectangular area of an electron beam to be scanned on a 

25 specimen that is changed to a trapezoidal shape due to 
inclination of the specimen. 
[FUNCTIONS] 

In the first invention, by inclining a 'specimen, the 
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signal intensity of a reflection electron, a secondary 
electron, an X ray and the like increases, and a signal 
to noise ratio of a pattern image on the specimen 
improves. As a consequence, the visibility of the pattern 
5 improves and it becomes easy to perform recognition of 
the edges of the pattern. 

In the second invention, by correcting a deflection 
signal using a deflection signal generating circuit, an 
electron beam is irradiated correctly in a rectangular 
10 shape to the inclined specimen. As a consequence, 
measurement with higher precision can be performed. 
[EMBODIMENTS] 

In the following description, an embodiment of the 
present invention will be described with reference to the 

15 drawings. 

In FIG. 1(a), the reference number shows an 

electron beam source, y 2' shows an electron beam focusing 
lens, *3' shows a coil or electrode for deflection, and 
M' shows an electron beam. Further, the reference number 

20 *5' shows a specimen stage, x 6' shows a semiconductor 

wafer mounted on specimen stage 5, x 17' shows a mechanism 
that rotates the specimen stage, y l' shows signals of a 
reflection electron, a secondary electron, an X ray and 
the like that are generated by electron beam 4, A 8' shows 

25 a detector of signals 7, x 9' shows an amplifier of the 

signals detected by detector 8, and '10' shows a scanning 
signal generator used to deflect electron beam 4 with 
deflector 3 and scan the electron beam on specimen 6. 
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Further, in FIG . 1(b), the reference number M' shows the 
electron beam incident on the specimen, '6' shows the 
inclined specimen, and '7' shows the signals of an 
reflection electron, a secondary electron, an X ray and 
the like that are generated by electron beam 4. Further, 
FIG. 1(c) is a view that shows an inclined pattern image 
that is obtained by two-dimensionally scanning the 
specimen, and in the drawing, the reference number "13' 
shows a scanning area, '14' shows a pattern line width, 
'15' shows a pattern, and '16' shows a pattern line width 
in another direction. 

Next, an operation principle of the first invention 
will be described. A magnified view of a specimen section 
in FIG. 1(a) is FIG. 1(b), and it is well known that when 
the specimen in FIG. 1(b) is inclined and an inclination 
angle of the specimen is assumed to be 9, a signal amount 
increases with a ratio of 1/cosG (e.g. refer to L. Reimer 
"Scanning Electron Microscopy", 1985 annual publication, 
P145, and the like), which has an effect of increasing 
the visibility of a pattern image. The pattern image 
obtained in this manner is an inclined image as shown in 
FIG. 1(c) and the image has higher contrast compared to 
the conventional image in FIG. 2(d). Then, of the pattern 
disposed in both an X direction and a Y direction like a 
semiconductor, a pattern width as shown by the reference 
number '14' in FIG. 1(c) can be measured in the 
conventional method, however, a pattern width shown by 
'16' cannot be measured correctly and, thus, such a 
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pattern width can be measured by rotating the specimen 
pattern an angle of 90 degrees or 270 degrees using stage 
rotation mechanism 17 in FIG. 1(a). 

According to the embodiment of the first invention 
described above, there is the effect of increasing the 
visibility of the pattern image by inclining the specimen 
stage with respect to the electron beam. Further, of the 
pattern disposed in both an X direction and a Y direction 
like a semiconductor, a pattern width as shown by the 
reference number '14' in FIG. 1(c) can be measured also 
in the conventional method, and a pattern width shown by 
'16' can be measured by rotating the specimen pattern an 
angle of 90 degrees or 270 degrees using stage rotation 
mechanism 17 in FIG. 1(a), which makes it possible to 
measure the pattern on the specimen with good contrast. 

Next, an embodiment of the second invention will be 
described with reference to FIGS. 1(d) to (f ) . 

FIG. 1(d) is a view showing how a scanning area of 
an electron beam changes when inclining a specimen, FIG. 
1(e) shows an example of a deflection signal generating 
circuit to correct the scanning area, and FIG. 1(f) is a 
view showing that the scanning area on an inclined plane 
that has been corrected by the foregoing deflection 
signal generating circuit correctly scans a rectangular 
area . 

In FIG. 1(d), the reference number '20' shows an 
area that is scanned correctly in a rectangular shape in 
the case a specimen is located perpendicular to an 
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electron beam. The reference number '22' shows an 
inclination angle 9 of the specimen, '21' shows a 
scanning area of the electron beam in the case the 
specimen is inclined at inclination angle 9, '23D' shows 
a working distance of deflection of the electron beam, 
and "24' shows a deflection working point. Further, in 
FIG. 1(e), the reference number '30' shows a rectangular 
scanning signal generating circuit, '31' shows a scanning 
area thereof, '35' shows a multiplier, '36' shows a 
divider, and '37' shows a scanning area having a 
corrected trapezoidal shape. Further, in FIG. 1(f), the 
reference number '20' shows a scanning area on a specimen 
perpendicular plane generated in the circuit as shown in 
FIG. 1(e), '21' shows an area that is scanned correctly 
in a rectangular shape on a specimen surface that is 
inclined at inclination angle 9, '23' shows a working 
distance of electron beam deflection, and '24' shows a 
deflection working point. 

Next, an operation principle of the second invention 
will be described. In the first invention, the visibility 
of the pattern image can be improved by improving the 
signal intensity. However, as is shown in FIG. 1(c), 
since the image in the two-dimensional scanning area 
looks like a projected image, some parts cannot be 
measured correctly. This is because, as is shown in FIG. 
1(d), an area having an inverted trapezoidal shape as 
shown by the reference number 21 is scanned on an 
inclined plane, in the case a deflection signal is 
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generated so that a rectangular area is correctly scanned 
when a specimen is located perpendicular to an electron 
beam. Accordingly, when the signal intensity is two- 
dimensionally displayed, a projection-like image is 
viewed . 

Then, the result of correctly calculating a relation 
between a coordinate (X, Y) on the perpendicular plane 
and a coordinate (x, y) on the inclined plane that is 
projected on the inclined plane is as follows: 



X = 



1 + ^sinG 
D 

Y _ y-cose 

1 + ^sinG 

D • ■ • (1) 

In this case, *D' shows a working distance and 1 0' shows 
an inclination angle. 

A point of (x, y) on the inclined plane can be 
scanned correctly in a rectangular shape, by giving a 
rectangular scanning signal to (x, y) , and giving a 
deflection signal, which is corrected while calculating 
(X, Y) according to the equation (1), to the deflector. 
As the embodiment, the circuit in FIG. 1(e) is shown. 
Rectangular scanning signal generating circuit 30 gives a 
rectangular scanning signal to (x, y) . This circuit may 
be a conventional deflection scanning circuit. After that, 
through a circuit 32 that calculates 

1 + 2- sine 
D 
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from data on a y signal, working distance D and 
inclination angle 9, and through a divider 36 that 
divides an x signal by 

l + -^sin9 
D 

an X signal is output. Also, after multiplying the y 
signal by cos9 in a multiplier 35, and dividing it by 

1 + ^-sine 
D 

a Y signal is output. In this manner, the signal for 
performing the scanning of a trapezoidal shape as shown 
by the reference number x 37' is generated to the X and Y. 

When a deflection signal of a trapezoidal shape in 
FIG. 1(e) is given to a perpendicular plane 20 with 
respect to an electron beam in FIG. 1(f), it can be seen 
that a scanning area having a rectangular shape is 
correctly formed on inclined plane 21. In this manner, by 
using the circuit in the embodiment as shown in FIG. 1(e) 
in the scanning signal generator shown by the reference 
number y 10' in FIG. 1(a), the scanning on the inclined 
plane can be performed correctly in a rectangular shape, 
and the edges of a pattern can be displayed parallel when 
a pattern image is two-dimensionally displayed, and 
therefore the line widths can be correctly measured. 

According to the embodiment of the second invention 
described above, even when a scanning area on the 
inclined plane is deformed due to inclination of a 
specimen, by using the circuit in the embodiment as shown 
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in FIG. 1(e) in the scanning signal generator shown by 
the reference number "10' in FIG. 1(a), a rectangular 
shape area scanning can correctly be performed with 
respect to the specimen on the inclined plane, and the 
edges of the two-dimensional pattern image can correctly 
be obtained parallel, which has the effect of performing 
measurement with high precision. 

[EFFECT OF THE INVENTION] 

As is described above, according to the first 
invention, since a specimen stage is inclined with 
respect to an electron beam and the stage can be rotated 
so that a pattern in a desired direction can be measured, 
there is the effect that the pattern on the specimen can 
be measured with good contrast and a desired pattern can 
be correctly measured. 

Further, according to the second. invention, since a 
scanning signal generating circuit that corrects a 
deformation of a scanning area on an inclined plane 
caused by inclining the specimen is arranged, there is 
the effect that a rectangular area scanning can correctly 
be performed with respect to the specimen on the inclined 
plane, and the edges of the two-dimensional pattern image 
can correctly be obtained parallel, which makes it 
possible to perform the measurement with high precision. 

4. BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1(a) is a view showing an electron beam size 
measurement apparatus according to an embodiment of the 
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present invention; 

FIG. 1(b) is a magnified view of a neighboring area 
of a specimen showing the effect; 

FIG . 1(c) is a view showing a two-dimensional 
5 pattern image obtained by inclining the specimen; 

FIG. 1(d) is a view used to explain that a scanning 
area on an inclined plane is deformed by inclining the 
specimen; 

FIG. 1(e) is a view showing a scanning signal 
10 generating circuit that corrects the deformation of the 
scanning area on the inclined plane; 

FIG. 1(f) is a view showing that the electron beam 
is corrected and scanned correctly in a rectangular shape 
on the inclined plane; 
15 FIG. 2(a) is a view showing an electron beam size 

measurement apparatus according to a conventional 
example; 

FIG. 2(b) is a magnified view of a neighboring area 
of a specimen used to show the principle; 
20 FIG. 2(c) is a view showing an exmpale of a one- 

dimensional signal; and 

FIG. 2(d) is a view showing a two-dimensional 
pattern image in the conventional example. 
[EXPLANATIONS OF REFERENCE NUMBERS] 
25 1: Electron beam source 

2: Electron beam focusing lens 

3: Coil or electrode for deflection 

4: Electron beam 
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5: Specimen stage 
6: Specimen 
7: Signal 
8 : Detector 
9: Amplifier 

10: Scanning signal generator 
17: Stage rotation mechanism 
13: Two-dimensional scanning area 
14: Measurement line width 
16: Another measurement width 
15: Pattern 

Incidentally, the same reference numbers in the drawings 
show the same or similar sections. 
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AMENDMENT (VOLUNTARY) 

January 28, 1991 

CLAIMS 

1. An electron beam size measurement apparatus, 
comprising : 

an electron beam optical system that comprises 
an electron beam source, 

a lens that focuses the electron beam, and 
deflection means that deflects the focused 
electron beam; 

a specimen stage on which a specimen is mounted; 

scanning signal generating means that irradiates the 
electron beam to a pattern on the specimen while two- 
dimensionally scanning the electron beam; and 

means that detects a signal generated from the 
pattern, whereby in the electron beam size measurement 
apparatus that determines a pattern edge from the two- 
dimensional pattern signal image and measures the pattern 
size, wherein 

the specimen stage is inclined with respect to an 
incident electron beam so that intensity of a reflection 
electron beam signals that are generated from a secondary 
electron, a reflection electron, an X ray and the like is 
increased, and 

the specimen stage is arranged rotatable so that a 
desired pattern on the specimen can be measured. 
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2. The electron beam size measurement apparatus of 

Claim 1 wherein 

the scanning signal generating means that gives a 
scanning signal to the deflection means generates a 

scanning signal that is expressed by 
( x y cos6 ^ 

1 + ^sine l + ^-sinG 
D D 

assuming that a coordinate on the inclined specimen is (x, 
y) , an inclination angle of the specimen is 9 and a 
deflection working distance is D, and makes the scanning 
be performed in a rectangular shape on the inclined 
specimen . 
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C © J: -5 ft 1 ©3fi9J©ftJSfH(C<fctU4\ Rtt 

^T'-y^ft^f-z.cwuTtfftas-ftsc tic 

'<^->*©«tttt*J:lf 
KMStlfc'*.* ft 1 B(0© 1 4T 

1 6TS*nfc'<f-y«tt|llBl 7©xf- 

JIVT-, 9 0' XI* 

2 7 0 * B*3**C fcCJ:t>Kf»Jfc©><*- > 



*c» 2 eD3S9§©-*»«** 1 H(d)Mf)K*> 
* 1 H(e)(i*n*lfiE-r **iaHt^$&£lII&cD- 

flk m i H(f)tt-tE«fiiflr*»&iai8ic -t omie 

H(e)cfe^T, 3 0 U£«£Z«^«^IHK. 3 



L*:K****ffiT(Dj£*1HigL 2 1(12 2 

2 4 Kmmtm&*7j*+ 0 

lIClt»tGtL/tIi:(2jEL <£Jg££2-*- 
4Jtri:lft«**4tntf, *#ffiT.*2 1 

*ti*-fc7cttK»*Tfttf. * l B(c)© J: 9 K 
EAT li 5. 

X. Y) ll«i(:SK$n^MBi:TOi 



1 + &ind 



y • C. O S 6 

Y = 

1 + -r sine -.(1, 

Bttffi-t© (x. y) ©£*IEU < J§«Kj££ 
T*fc»«clx. (x. y) cje»j£X<t 
St(l)ll*-9"C (X. Y) *«-*0-3o»iEUfc« 

HlHieiOBB^t. SOTfiftJM (x. 
y) cnii«*o«lfiIJE«lsIBTJ:^. 
*©«U y»*fc. ffcBBBD. ««*$©*- 

1 + sin© 
D 

1 + sine 
D 

Tlllt5ll«8 6tlLTXft*fflaT5. 
X. yflT^Cc o s 9««I83 5T*lt*« 



*->«©x? 5>*IEU < ¥1f C & * = fc*T*, 
C5E^©»*D 

El±©J:^K. * 1 ©*Wi::J:*itfl*«*7-- 

A © /< > - V * B ft T * * X -5 II X ? - i> * B B 
T§5J:iKLfe©T, K»±©'<*- J:^ 

3 SIC. *2©»9HlJ:ntfK»*««bA:C 
tT4t 4««ffi±T©jtji««©««*> »IE 
r 5 J: "5 m«Sflr<*56*@IS*Ritfc©T, «« 
B±T©R»II»U jEtl^«**©J6S*r 
j;i*<T#, -*5c©'<*- >•©** i>*IE 
t <¥fflCt* C t*<T#^ K«K©B**<T* 

4. BBaBBUEBB 

* 1 B«ttC©*B©—BB*li 
i.tSfflS81**tH, Hi B(Wli-e©»«* 
^-f R*42«©ifc*B. St l B(c)liK**«»l, 



HKlf 4-132909 (4) 

1 + s i n 9 

D 

9 1 B(f)©«-?tT-z.lc»tTB«aB2 0 i:» 

1 B<e)©&flJ*tt©«0I<t**-5** fc r BWffi 

2 1 KIEL < i§*?&t*©£****<-C**C fc* 

£©J:5K, *1 BWlifcv^T, 1 OX 

fsnsnifltx±«i:» i ■we*'*-*** 

B*«©0B*JBV**ll*\ flfiSifOtl^. IE 

U < BBBtt'Cff a c fc*«"C.*\ = »*«c<* 

ft 1 HWlHs^T* rOT**tl*&£ 
flT^BSiaiift 1 B(e)-e*"T J:5tt*B«©BB 
i)BV>«CtT, ««BJtT©K«K»l^ IE L 



fcC tic J:>.T#€.n-5^:*7C/<^- v***'*" 
Bs ft 1 B<tDI*K»*«»LfcC fcHJ:o-C«tt 
BT©J6*««*<**t- * C t*R"B-r*B. * 
1 H(e)|*«*B©££«tt©££«*IE r*i££ 
1t9»£@K«^tH> » 1 B(f)li»* 
»IE*niEL.< B«Blc«»*3tSnT«--* : t 

* 2 B(a)li**«ic J: * fcf- A-tSBJEft 
t«$tB, »2B(Wlit©fl**tfc»©tt 
»fi«*t*B, ft 2 B(c)tt-»c5c<t^«**-rBv 

* 2 B(d)tt«*«T©-*7C'<*- >«*s*tb 

H*> 1 ttB* f-^9t±m. 2li«*fc'-i» 
BftUVX, 3 ttftflJl = -r^xisBS, 4 l*« 

8ttBlB». 9I*BB8. 1 Ottj£BflT*» 
tB,.l 7l«f-?B(Sli, 1 3 li ~0C7ci£ 
l 4 li«*ft«, 1 6 Iigq/IJB*«> 1 

tt*jB + H-»*liH — XI*«S«fl-**-r. 
ftlA * B B - 
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«BB¥4-132909 (5) 




(b) 



(c) 




5 : ermz-y 



13. 2JCZ.J£*f**# 
13 U:&&J*fB 

i5://y-> 




(c) 



(d) 




1 \G*£t61&J* 
6 : i¥ 



15: 



» 1 H 




... &- 31 



30 



32 



Xr 33 

i c — r 

e 



34 33: *\f\ 

34 : coseigvsr®» 

35:##«f 
37: 
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?5G3¥4-132909 (6) 



sWfc =m IE 



(S5E) 



¥ « 3* H 



1 . *#©»* 

«B?2- 2 5 8 3 6 9* 

2. *«©** 

*#i©Hff #*ffi«A 

tt Br **« J fttfflK*.©P9i:TB 2* 3* 

* » (601) = R*«*sC6tt 

fts* * m <? « 

4. fCSA BC** 564 

tt Br *E«!JtEBma:S«r 1 TI23S43* 

tt *^raMD#i± * m m - 

A * * " ' «6 06-380-5822 





5 . »iE©*»* 

Bflcr>«. S^Bi (* 10(e)) 
6. »£©«« 

(i) gjiffi«©'6wm *©cffl*?da©ii o rriE 
r * . 

(21 9Hffl»* 5K*2*t© r#SSSJ * r« 
JSWflEj ClTiEf *. 

(3) ISIfl 9 SKI 8 ft© r 3 2 li»*8j * r 

3 2li 1 + — s i n flRtlslK, 3 3 12 s i 
D 

n 03fe£IDK. 3 4 li c o s 0%£1JB. 3 5 12 

(4) * i H(e)*ai«©af)riEr *«, 



4$Mt#©IEHi 

(1) « 7- :©lff-i*I 

r * « pi * a t * m *. iz « t- - i. * * s t » 
.tE'<*->*6Jfc£f 

etfcS'U' *©'<*->-*i8:*8BJ£rs J:-? l-L 
fc « fcf - X. -+ ft H * M ■ k fc t> T , 

gem?- • sitm* • x*»©%a--r*flr* 3fcflc* 

*o_hEtt»X7 l --;>tt, K«©BfS©'<*- 

> «nsT s * i -5 bc »rteca»y 6 nr v> * c 

(2) -tE*6l^RK*f L,T**flT*****« 
3Eflr*Jfc£^»li, *«R».h©S«* (x. y) 



R*4«KA*0. *|6jffc»E««-D it 5 fc. 

X y c o s 9 



1 + 



sine 



y „ y 
sine 1 + 

D D 
JfcStfL** d t*«« t 1 E«©« 
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